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DOUGLASS ON CLIMATIC CYCLES AND TREE-GROWTH.’ 

By A. J. HENEY. 
Weathw Bureau, Washington, D. C., April 1,lSaa.l 

The investigation described in this monograph is a 
continuation and a more complete resentation of the 

REVIEW for June, 1909.1 
The argument which suggested the investi ation was 

(1) the rings of trees measure the growth; f 2) growth 
depends largely upon the amount of moisture, es ecially, 

(3) in such countries, therefore, the r i n g  are likely to 
form a measure of Relation to tempera- 
ture and other ma be very important 
but recipitation was thouwht to be t i e  controlling factor 

mentally considered in the stud . 
the ellow ine (Pinzts pondrosa) common to the western 
Rociies; t fe  sequoias (Sequoia igantaa) of central- 
southern Califorma; Scotch pine (9.. silvestria) ; hemlock 
( Tswga canadensis) : Douglas fir (Pseii.dofsu,ga mucronafa) . 

ines of nort.hern 

northern Europe; South of England; outer coast of 
NOIWRY, inner coast of Noiway, Christiana, Norway; 
central and south Sweden; Eberswalde, Prussia, Pilsen, 
Austria, and southern Bavaria. In  the United States 
measurements were also made of trees in Vermont and 
Ore on. 

T%e details of counting the rings used in the preliminarv 
studies were improved as the investigation F d e d ,  
especially by the discover - and application o a method 
of cross-identification. By the application of this 
method greater accuracy was obtained and much greater 
confidence in the results was attained. 

subjectsdealt with in an article in B ONTIILY WEATHER 

in a climate where the quantity of moisture is P imited; 

in t !l is region. It was, herefore, t-he element funda- 

Trees suitable for ~ l i m t i ~  sfti B y.-The trees used were 

Arizona and carried t.hence to the P ollowing parts of 
The studies were begun with the 

TREATMENT OF THE MEASUREMENTS. 

For details of the methods of averaging, standardizing, 
and smoothing t,he data the reader must be referred to 
the original pa er; there is one comment as to the smo0t.h- 
in methods t R at seems to be appropriat.e. 

%he author remarks (p. 61): 
In the early part of tlie work the use of overlapping means waa 

adopted. At. the very start, overlapping means of a considerable 
number, surh aa 11 or 9, were used. ThiR WRP 911ickl~ changed to 
overlapping means of 5. * * * However, t h i ~  ivaa dim ed to 
IIann’s formula 3 bwaiise his fnrniiila is normally easier to appfy and 
it, givw a litt.le more individna1it.y to each observation. 

Corrdation between rainfall and tree groiofh.-The coni- 
letion of numerous curves of tree growth suggested the 

following possibilities: (1) In  arid climates t.he annual 
rings are a proximately proportional to the rainfall; (2) 

solar act,ivity: (3) in each t,hey are subject to cert.ain 
cycles or periodic variation. 

The reviewer is unable to closely differentiate between 
1 and 2 of the above. The first proposition is logical and 
seems to be well established, at, least for nort.heni Arizona. 

in moist-cimrtte ? groups they vary with the changes of 

1 Carneqie Institution of Washin 
I Weathercyclas in the owth o%ig trees. Bee other papers by the same author a 5  

r o l l o ~ :  Method olestimat%! rainfall by the mowth of trees. Bull. Amrr. O ‘ r m p h .  Sac., 

n, Publirnlian No. 289. 

SLVI.321435. A photozraphic perido ram of sunspot numbem Aalroph. Jour. 
SL No. 3328-331. A method 01 astimatfng rainlall bv the growth :f trees. The ell- 
math Iaetor as i!lustrated in ari! America, bv !. Hintineon Carnqie Ins!. Wash 
Pub No. 192 Chap. Mol-121. Climatic records i n  the trunks ol‘trees, Amrr 1C’orrahy’ 
Decknbex i917 732-735 An Optical Periodozra h Aafro qs. Jour., SiI:l73-lS6: 
EvidencehClil;U)tic Effktslu the Annual Rings or$. ragl , P” xcdolopy,I:!2&32. 
I In a letter to the reviewer the author makes It plain that the exprdon “Hann’a 

lormu:a” refers to the familiar methcul of Rloxam as dcwribed in Q m r .  Jnur. Roy. Mr!. 
sgc. .m%, \-iz, b-(a+%+c) 14. 

The second postulates that in humid climates which 
connote at  once more cloud, fog, and rain and less insola- 
tion than in arid climates the tree rings vary in accord- 
ance wit.h chan es in solar activit . It is conceivable 

oI adclit,ional cells in t,he woody fiber of the tree, and, 
accordinaly, we should especk larger rings at  time of 
increase$ solar heat. 

The s ectroscopic ohsei-vations, especially t’hose of Lock- 
yer, in K ic.at,e that t.he sun is hotter a t  t,ime of maximum 
spots t.han at  minimum. Koppen and others have shown, 
paradosical as it may seem, that terrestrial surface tempera- 
tures are lower at time of niasimuni than at minimum. This 
was explninedby Blanford (1S75) bysug esting that the air 

the cluantit of heat that falls on the esterior of the 

hce, chiefly to the land su ace of the globe. The rester 
part, of the earth’s surface beinu however, one o water 
t,he immediate effect, of increasedheat must, be an increase 
of evaporation and therefore, as a consequence, increased 
cloud and rainfall. A cloudy atmosphere intercepts a 
large part of the incoming solar heat and the reevapora- 
tion of the fallen rain lowers the temperature of the sur- 
face from which it evaporates and bhat of t.he stratum of 
air in immediate contact with it. While the heat lib- 
erated by condensation ab the cloud levels doubtless 
prevents cooling at  those levels, yet other causes are at  
work which t,end t.0 depress the air Oeniperature at  the 
surface. 

It is therefore not easy to find a physical reason for the 
solar rythm in tree rings, as shown by Doctor Douglass, 
unless possibly in the precipitation, as we shall point out 
later. 

bhat increased so 9; ar heat would resu T t in the development 

t,emperature at  land st.ations must be I$ etermined not by 

r f  
lanet but x y t.hat which enetrates to  the earth’s sur- 

B 

I I I I I 

. FIG. 1. -l’orrc\lstiou bet.wcen tree growth and rsinfall in smoothed curves: Flagstaff. 

The earliest comparison between rainfall and tree 
rowth was made between a subgroup of sis trees near 

&.l,gstrtiff, Ariz., and the record of rainfall at Prescott, 
Ariz., 67 miles disbant,. The Prescot,t rainfall record was 
smoothed by computing nine-year overlapping annual 
means. The nine-year mean was plott,cd n t  the end of 
the nine-year period rather t,han at the center. Figure 1 
(No. 13 of original) above gives smoothed curves of rain- 
fall and tree growth at  the top and the observed rainfall 
n t  the bottom. 

The rainfall at  Prewott for tlie whole years 1867, 1868, 
1869, 1574, and 1S75 is missing from the record; the 
missing records were supplied by the aut,hor as follows: 

The Prescott gaps were bridged by plottin the rainfall curves of all 
records near Prescott and at similar altitucfes in Arizona or meatern 
New Mexico, and finding enough similarity in many of them to h c o t t  
to make a fair estimate of the actual precipitation at Prescott in the 
lacking years. 
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The comparison shown in Figure 1 was made because 
at that time there.were not enou h rainfall observations 

Bureau station had been in operation for several years, 
a direct companson, as shown in Figure 2 (No. 14 of 
original), was made. 

for Flagstaff to be of service. I! ater, when a Weather 

35 I I I 1 

. 
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FIG. %-Early test of correlation between tree gmwth and rainfall by years: Flagst&. 

In  the above Figure 2 the agreement is remarkably 
close and there is apparently very little, if any, lag 
between the occurrence of precipit,ation and response in 

treePwth- T e. Prescotf C O T ~ P ~ U ~ ~ O ~ I  .-Five subgroups, numbering 
i,n dl 67 trees locat-ed at different. points in the vicinity 
of Prescot.t, were used. These all cross-identified among 
themselves bot'h as individuals and as groups with entire 
success, but in cornparison with Prescott rainfall they 
differed greatly, the group nearest the city showing t,he 
best accordance. This group KO. V has been plotted to 
form Fi ure 3 (No. 7 of original). The rainfall and tree- 
growth % ata are both present,ed unsmoothed. 

The accuracy with which the 
Prescott represent the rainfall o 
about 70 per cent. but w-it.h a 
of moisture by t,he soil t,his accuracy rises t,o kbout, 82 per 
cent. 

YEAR. 

FIG. &--.lnnual rainfall and growth of trees, Group V, at Frescotl. Dotted line, rain- 
fall; solid line. trpe growth. 

In  the reviewer's opinion the effect of the conservation 
of moisture in the dry soil of an arid region would be very 
difficult of evaluation, except, for very favorable and 
exceptional conditions of soil and local t,opography . 
Contmuous precipitation and stream-flow measurements 
in the Wagon Wheel Gap, Colo., watersheds seem to indi- 
cate that the conservation of water due to excess of 

recipitation in any season does not persist much, if an , 
geyond 8 or 10 months. The author very propery I 

reserves the subject, of the moisture content of the soil 
for further stud . 
compare the growth of sequoias with t e rainfall of 
Fresno and San Francisco. The difficult inherent in 
this comparisonwasprobably realized by bot Huntington 
and Douglass. The best that can be said of the rainfall 
of Fresno is that it is the only record available. 

The rainfall record of Fresno does not begin until 
1882. The San Francisco record, while it began in the 
early fifties, represents a different rainfall r6 h e  from 
that of Fresno-a station of the Great Valley of 6 alifornia. 
It is not strange, therefore, that the agreement between 
the two curves is not as good as at Prescott. 

i? Requok corw 9 atwn. .with Tainfall.-Attem t is made to 

CORRELATION WITH S U N  SPOTS. 

Under this caption the author remarks (p. 74) : 
The differential study of the Arizona trees will be taken up in con- 

nection wit.h cycles. but can be summarized in the statement that in 
the last 160 years 10 of the sun-apot maxima and minima have been 
followed about four ears later by pronounced maxima and minima 
in the tree growth. Leo.  during eome 350 years of the early 
them trees, they show a strongly marked d o u b l e - c r e s t s A %  
variation. 

Noh 1 

NOS. 7.13 

Nos. 1-13 

Nos. 1.13 
corrected 1.M 
for age 

Nos. 1.13 
smoothed 

Sun sDot 
curve 

F I ~ .  4.-8un spots and growth oftrees at Eberswslde, Germany. 

The above refers to dry climate reactions; the wet 
climate reaction is different, as witness the following 
extract: 

K t  climate reaction.-In the very first group' of continental treea 
studied, those of Eberswalde near Berlin, the remarkable fact was 
recognized at  onre that 13 treea from one of thc4e carefully tended 
German forata show the 11-year sun-spot curve mince 1830 mth  accu- 
racy. * * * The other treea of that group do not show quite 80 
perfect rhythm aa do the marked radii shown, but are like the other tarts of these sections, showing strongly a majority of the maxima. 

aking the group as a whole, the agreement is hlghly co~@cuoua, and 
the maximum growth comes withm 0.6 year of the sun-spot maxima. 
The Eberswalde curvea ed in two group and compared with the 
sun-spot curve are shown=gure 4 !No. 9 of orighl).  

An explanation of the increased tree growth at Ebers- 
walde may be found in a consideration of the preci its- 
tion record for Berlin. I have taken the five epocg of 
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sun-spot maximum centerin about 1860, 1870, 1883, 

ture for the central year and the single year immediately 
and following; thus the years 1859, 1860, and precedi?i 1861 wo d represent the epoch of spot maximum of 1860. 

Four out of the five epochs were, on the average, periods 
of more than normal rainfall and but one, that of 1894, 
was a time of deficient preci itation. Casual ins ection 

1894, and 1906 and compute fi the annual rainfall depar- 

of the precipitation record P or Berlin discloses t rl e fact 

that in the 60 years 1848-1907 there were more wet than 
dry years, a condition directly contrary to that which is 
the rule in the United States, but whether this condition 
is common to northern Europe is not at  this time known. 

The concluding chapters of Dr. Dou lass’s work are 

sis,” “Cycles” with an appendis givin tables of mean 

shoul% be read by all students of weather periodicities. 

devoted to a discussion of “Methods o K Periodic Anal- 

tree rowth extending back to 1306 E . C. The book 

CLEMENTS ON DROUTH PERIODS AND CLIMATIC CYCLES.’ 
By A. J. HENRY. 

1Weathe.r Bureau, Washington, D. C., April 1,1922.l 

of these inferences led t>he author to make the following 
statements: 

The moat attractive and promising feature of the siimmer’s work has 
been the checking and tracing of the courae of the preaent climat.ic 
cycle. The second recorded absoluteiminimuni of no sun spots oc- 
curred in 1913 and served aa the focus of a period of exceptional rainfall 
in the West. The drouth of the present summer (1916) in the Western 
and Mountain States suggesta the beginning of t.he dry phase of the 
cycle. Its e f k t  upon the carr ing capacity of the ranpe and upon 
the roduction of dr farms has teen cntical. Whether it be followed 
by t1e full period oTsevera1 dry eara or not, it has furnished further 
confirmat.ion of the fact that al?grazi.hg and dry farminF must he 
baaed upon the recurrence of dry periods; in both a scientific system 
of expamion and contraction must be devieed to prevent disaster 
during dry veara. If the next two or three yeara prove to be dry in 
harmony with the maximum of the aun-spot cycle, the possibility of 
anticipating dry seasons will be greatly enhanced. In the field of 
foreatation much evidence has been obtained to show that plailting is 
succemful on1 during wet haees and that natural reproduction occura 
practically only during sur\ phaaea. 

The inveutigations of climatic cycles haa heen continued from both 
the biol ’cal and aatronomical approarh. The former pine intereat, 
from t h x c t  that the years 1916. 1017, and 1918 have in general been 
yeara of drouth in the ’Areat and eapwially the Southwest. This was 
suggested 89 a probability upon the approarh of the sun-apot maximum 
in 1916. The maximuni waa p w e d  in 1917 and attention is now 
centered upon the expected increarre of rainfall generally as t.he Run- 
spot minimum is approached during the next four or five yeam. I t is 
propoeed to follow the biological effect8 aa seen in qrowth, reprodw- 
tion, and abundance 88 cloeely aa poesihle and to correlate thew with 
the climatic phases. Striking evidence of thew erfwtn have been 
obtained during the drouth of the p a t  two yeam. 1 3 j  far the most 
important problem, honmer, i s  the relation of the sun-trpot cycle to 
the climatic and growth cycles. There appears to be little question 

1 Ecobay, Vol. 11, No. 8, July, 1921. 

a C w e g e  Inst. wak. Pub. No. ara, 1916. 

Mo. WEAmEB REV. 37: 225-238 and abstract of a later work in this REWEW. 
immediately precedlu 

of the usual coincidence of these three cycles, but the existence of a 
rauaal relat.ion is still in doubt. In the endeavor to make uae of the 
sun-spot. cycle to anticipate rlimatic changes, thia matter is of para- 
mount importance.’ 

The remainder of the article is devoted to aa examina- 
tion of the rainfall records of 23 States west of the Missis- 
sippi in an effort to establish a basic relation between 
rainfall and the spottedness of the sun. The method of 
collatin the rainfall records was as follows: In  the 23 

than 1,300 in 1919. For the seventies the number was 
less than 100-76 in 1869, and for earlier pears still less. 
The yearly departures of the annual totals from the 
normal were tabulated and classed as positive or negative 
by years, or rather by groups of five years, the central 
year of each group being the year in which the epoch of 
maximum sun spots occurred. The groups, therefore, 
center about the years 1837,1848,1860, 1871,1883, 1894, 
1907, and 191’7. Concerning these epochs of m&uimum, 
Doctor Clements further remarks: 

P i n w  Ihc heyinning of ohRervations in 1750 the yearly number of 
sun e ots at. tbe mariniiim haa varied from 46 t,o 154, though the number 
has i l len below 80 for brit 5 of the 18 maxima. For the 8 maxima 
conmidered here. the iiiimber of  pots falls helow SO only in 1907 
and 1883, when the niimhera were 68 and 64. respectively. In other 
words, 6 of the maxima lie above 77; i. e., half the number of spots 
for the high& niasimiim, 154. 

DISCUSSION. 

States t a ere were 323 rainfall records in 1881 and more 

The chief interest in Doctor Clements’s paper is, of 
course, the coupling of the period of solar activity mani- 
fested in the spottedness of the sun with terrestrial rain- 
fall and the endeavor to anticipate the character of the 
seasonal rainfall some years iii advance. I shall therefore 
first consider the connection between the occurrence of 
sun spots and rainfall. 

SUN-SPOT RAINFALL RELATIONS. 

Since Meldrum, in 1873, called attention to the possible 
connection between the phenomena shove mentioned, 
much discussion has arisen or, rather, nianj- persuasive 
rensons have been adduced in suppnrt of the idea that 
there must be a basic? connection bet,ween t.he two events. 
It is scarcely necessary to analyze t,he large literature on 
t.he subject already available, hut, it will be desirable to 
touch upon the several stages of the arguments which have 
been advanced in support nf the hy othesis. 

The effort to relate sun spots wit K terrestrial weather 
dates hack many years, but the specific attem t to show 

tively recent origin. The discovery of what is popularly 
a relation bet,ween sun spots and rainfall is o P compara- 

5 According to Wolfer, thc epwh of madmum at. this time occurred in 1W.4, and the 
madmum number of spots was 64.2 (smoothed) in February. The epoch of la, ac- 
c o r d i u  to the same authority. occurred 1853.9. and the insximum n u m k  of SW 
was 74:s In November of that yiar. 


